Simian immunodeficiency viruses (SIVcpz) infecting chimpanzees (Pan troglodytes) in west central
Chimpanzees (Pan troglodytes) are dispersed across tropical sub-Saharan Africa and are currently classified into four subspecies on the basis of genetic differences in mitochondrial DNA (mtDNA) sequences (3, 8, 10, 16 (4) . A single SIVcpz-positive P. t. vellerosus (CAM4) has been reported, but this ape is believed to have acquired his infection in captivity from a naturally infected P. t. troglodytes cage mate (4) .
All known SIVcpz strains cluster in two divergent phylogenetic lineages, termed SIVcpzPtt and SIVcpzPts, according to their subspecies of origin (4, 7, 17, 25, 26, 27, 29, 30) . The human AIDS viruses (human immunodeficiency virus type 1 [HIV-1] groups M, N, and O) fall into just one of these lineages, i.e., that from P. t. troglodytes, which has implicated the central subspecies as the source of the human infections (7, 11, 17) . However, the number of available, fully characterized SIVcpz strains is still rather limited. Only five SIVcpzPtt strains have been reported, all of which were derived from young orphans tested in captivity (Table 1) . In contrast, 10 cases of SIVcpzPts infection have been documented in eastern chimpanzees, 9 of which were identified in wild-living apes by using noninvasive detection methods (Table 1) . Phylogenetic analyses comparing the more recently characterized SIVcpzPts sequences to those of SIVcpzPtt and HIV-1 have reaffirmed the conclusion that P. t. schweinfurthii apes are not the source of the human AIDS pandemic (26, 30) . However, additional SIVcpz strains, especially from chimpanzee subspecies native e Determined by mitochondrial (mt)DNA analysis (7) . f Test performed to diagnose SIVcpz infection. Ab, antibody; vRNA, virion RNA. g SIVcpz sequence information available; FL, full-length sequence; P, partial sequence(s). h Member of nonhabituated community with individual identification performed by mtDNA analysis (26, 30) . i Total number of SIVcpz infected chimpanzees per number of chimpanzees screened in study in which the infected ape was identified. j An additional 32 P.t.vellerosus apes were also tested and found negative. k SIVcpz prevalence estimate for entire community (26) . VOL. 79, 2005 NOTES to west central Africa, are necessary to gain further insight into the chimpanzee reservoir that gave rise to HIV-1. Cameroon is home to two different chimpanzee subspecies, the Nigerian P. t. vellerosus in the north and the central P. t. troglodytes in the south, with the Sanaga River believed to form the boundary between their habitats (Fig. 1) . In this study, we screened 71 chimpanzees (34 females and 37 males) that were captured as infants when their family members were killed by hunters for bushmeat. All of these apes were rescued by the Ministry of Environment and Forestry and placed in zoos and sanctuaries. Sixty-four were less than 8 years of age at the time of rescue (confiscated between December 1998 and March 2002), while the remaining seven represented older individuals (confiscated prior to 1998). Blood samples were obtained by venipuncture and processed into plasma and peripheral blood mononuclear cells (PBMCs) (these studies were carried out in strict accordance with international guidelines for the ethical scientific use and human care of primates in research). DNA was extracted from uncultured PBMCs by using the QIAamp blood kit (QIAGEN, Valencia, Calif.) and subjected to PCR analysis by using primers designed to amplify a 498-bp mitochondrial (D loop) DNA region (7) . Phylogenetic analysis of these mtDNA sequences identified 39 of the captive chimpanzees as members of the P. t. troglodytes and 32 as members of the P. t. vellerosus subspecies (E. Nerrienet, unpublished data).
Chimpanzee plasma samples were screened by using two commercially available (HIV-1 antigen-based) enzyme-linked immunosorbent assays (Genscreen Plus version 2 [Bio-Rad, Marnes la Coquette, France] and Wellcozyme, HIV recombinant [Murex Biotech Limited, Rungis, France]). This analysis identified one male infant (CAM13) as harboring antibodies that were strongly cross-reactive with HIV-1 antigens. Blood samples from all other chimpanzees were antibody negative. The seropositive ape was classified as a central chimpanzee (P. t. troglodytes) by mtDNA analysis (Fig. 2) , consistent with his capture location south of the Sanaga River (Table 1) . Western blot analysis (LAV Blot HIV1/2 Kit; Bio-Rad) confirmed the presence of plasma antibodies that cross-reacted with HIV-1 Env (gp160, gp120, and gp41), polymerase (p66 and p51), and core (p55 and p24) proteins (Fig. 3) . A virus isolate was established from CAM13 by coculture of his phytohemagglutininstimulated PBMCs with normal human donor lymphocytes, with viral replication monitored by p24 antigen production (Genetic Systems HIV-1 antigen enzyme immunoassay; BioRad) in culture supernatants (data not shown). PCR amplification of subgenomic pol (246 bp) and gp41 (420 bp) fragments confirmed infection with a new SIVcpz strain (data not shown).
Due to transport restrictions of blood and blood-derived products from endangered primate species (Convention for the International Trade of Endangered Species), fecal samples were collected from CAM13 and sent from Cameroon to the University of Alabama of Birmingham for full-length SIVcpz FIG. 1. Geographic origin of SIVcpz-infected chimpanzees. The rescue location of CAM13 is shown in relation to the geographic origin of four previously reported SIVcpz-infected chimpanzees from southern Cameroon (CAM3 and CAM5) and northern Gabon (GAB1 and GAB2) (4, 19) . Red dots indicate known capture locations (CAM3 and GAB2), while yellow dots indicate sites where chimpanzees were first identified in captivity (CAM13, CAM5, and GAB1). The natural ranges of the P. t. troglodytes and P. t. vellerosus subspecies are highlighted in light green (south of the Sanaga River) and dark green (north of the Sanaga River), respectively (major rivers are indicated). sequence determination. A similar approach was previously used successfully to derive the full-length sequence of a SIVcpzPts strain infecting a wild chimpanzee in Gombe National Park (27) . Briefly, fecal samples were collected on two different occasions (2 March and 5 June 2001), resuspended in an equal volume of RNAlater (Ambion, Austin, Tex.), and shipped at room temperature (RNAlater preserves nucleic acids, allowing storage and shipment at ambient temperature without virion RNA degradation). Total RNA was extracted by using an RNAqueous Midi-Kit (Ambion) and subjected to reverse transcriptase PCR (RT-PCR) amplification by using diagnostic SIVcpz consensus pol and gp41/nef primer pairs (26) . Amplification products were sequenced (Fig. 4 , fragments 1 and 2), and then used to design SIVcpzCAM13 strainspecific primers. These were used in combination with upstream and downstream consensus primers to amplify the remainder of the SIVcpzCAM13 genome. The order and position of 14 individual amplification products are shown in Fig.  4 . All RT-PCR products (ranging in length between 470 and 1,520 bp) were directly sequenced, except for fragments 13 and 14 which were subcloned prior to sequence analysis to obtain sequences in the R region of the long terminal repeat. Fragment 9 was also subcloned since chromatograms from direct sequence analysis could not be resolved. This was due to length variation among quasi-species members in a region corresponding to the first hypervariable loop (V1) of the extracellular envelope (gp120) domain (Fig. 4) . Clone 9.1 was arbitrarily selected for the compilation of the full-length SIVcpzCAM13 sequence. In regions of fragment overlap, the 5Ј sequence was arbitrarily chosen. The concatenated SIVcpzCAM13 sequence (R-U5-gag-pol-env-U3-R) is 9,284 nucleotides in length. 
FIG. 4.
Amplification of a complete SIVcpzCAM13 genome from fecal RNA. Partially overlapping subgenomic fragments were amplified from fecal viral RNA by using RT-PCR approaches and a combination of strain-specific and consensus primer pairs. The relative positions of the fragments with respect to the SIVcpzCAM13 genome, along with their order of amplification, are shown. Fragment lengths are drawn to scale; the entire SIVcpzCAM13 sequence (R-U5-gag-pol-env-U3-R) is 9,284 bp in length. Fragment 9 exhibited V1 env sequence length heterogeneity between different quasi-species members (predicted N-linked glycosylation sites are underlined). Five clones (9.1 to 9.5) were sequenced, from which clone 9.1 was chosen for the assembly of the full-length sequence (GenBank accession number AY169968).
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Inspection of the deduced protein sequences of SIVcpzCAM13 revealed uninterrupted open reading frames for gag, pol, vif, vpr, tat, rev, vpu, env, and nef genes. Regulatory elements in the long terminal repeat, including the predicted binding sites for NF-B and other transcription factors, the transactivation response element, the TATAA box, and the polyadenylation signal, were also intact. The extracellular envelope domain (gp120 region) of SIVcpzCAM13 contained 18 cysteine residues and 24 potential N-linked glycosylation sites at locations similar to those observed for other SIVcpz isolates (2). As described previously for other SIVcpz strains (11), the V3 loop of the SIVcpzCAM13 gp120 was also highly conserved, differing at only 8 sites from the consensus of the other six known SIVcpz sequences, including both SIVcpzPtt and SIVcpzPts strains (the other six differed from this consensus at 3 to 10 sites). Finally, there were no obvious inactivating mutations in regions of known protein function, such as the YMDD motif in Pol or the PT/SAP domain in Gag p6.
To compare SIVcpzCAM13 to previously characterized SIVcpzPtt and SIVcpzPts strains, we performed diversity plot analyses of concatenated protein sequences (data not shown). Interestingly, SIVcpzCAM13 was most similar to SIVcpzGAB1 from northern Gabon, differing at less than 10% of the residues in the Pol protein. Two other SIVcpzPtt strains from southern Cameroon, SIVcpzCAM3 and SIVcpzCAM5, were considerably more distant, differing from SIVcpzCAM13 at 16 to 17% of the amino acids in Pol. The strains most distant from SIVcpzCAM13 were the two P. t. schweinfurthii viruses SIVcpzANT and SIVcpzTAN1, which differed at up to 30% of the sites in Pol. There was no evidence of recent recombination between SIVcpzCAM13 and other SIVcpz strains.
To determine the relationship of SIVcpzCAM13 to other SIVcpz and HIV-1 strains, evolutionary trees were constructed for Gag, Pol, Env, and Nef polypeptides (Fig. 5) . Using Bayesian phylogenetic inference, we found that SIVcpzCAM13 was indeed a member of the SIVcpzPtt group of viruses. In all coding regions, SIVcpzCAM13 fell well within the SIVcpzPtt radiation, clustering most closely with SIVcpzGAB1. SIVcpz strains CAM3, CAM5, and US clustered separately, comprising a second lineage within the SIVcpzPtt radiation. Both the CAM13/GAB1 and the CAM3/CAM5/US lineages clustered with HIV-1 groups M and N, forming a monophyletic clade in all four trees, which was supported by high posterior probability values for the two longer regions, Pol and Env (Fig. 5) . HIV-1 group O viruses did not fall within this same cluster but formed a closely related sister clade. Analysis of SIVcpzCAM13 thus confirmed and extended the previously described sequence relationships of SIVcpzPtt and HIV-1 (7, 11, 17, 26, 30) .
Although all strains of SIVcpzPtt clustered with HIV-1 groups M and N in all coding regions, inspection of the tree topologies revealed significant differences in the order of divergence of the four main lineages within this group (Fig. 5) . For example, the two groups of SIVcpzPtt clustered together in the Gag and Nef trees, but in the Pol and Env trees the GAB1/CAM13 lineage lay as an outgroup to a clade containing the other SIVcpzPtt lineage plus the two HIV-1 groups; this difference was strongly statistically supported in the Gag and Env trees. Furthermore, HIV-1 group N clustered with HIV-1 group M in Gag and Pol trees but with the US/CAM3/CAM5 lineage of SIVcpzPtt in the Env tree, confirming previous results obtained when fewer SIVcpz strains were available (7, 17) . Such discordant branching orders are indicative of ancient recombination during the divergence of these four lineages, presumably at a time when the ancestors of the two HIV-1 groups were still infecting chimpanzees. These recombination events would have required the coinfection of individual apes with divergent strains of SIVcpz, implying that such strains were cocirculating in at least some chimpanzee populations.
Partial gp41/Nef sequences are available for one additional SIVcpzPtt strain from Gabon (GAB2), as well as four SIVcpzPts strains from near Kisangani in the Democratic Republic of Congo (DRC1) and from Gombe National Park in Tanzania (TAN2, TAN3, and TAN5) (26, 30; F. BibolletRuche and B. H. Hahn, unpublished results). The phylogenetic tree of these gp41/Nef sequences revealed no correlation between the various SIVcpzPtt strains and their geographic origin in southern Cameroon or northern Gabon, respectively (Fig.  6 ). By contrast, the four SIVcpzPts strains from Gombe all clustered tightly and were quite distinct from SIVcpzDRC1 from Kisangani. Indeed, the divergences of SIVcpzPtt strains from within Cameroon (CAM13 versus CAM3 or CAM5) or within Gabon (GAB1 versus GAB2), in each case involving viruses obtained from apes captured less than 200 km apart, were as high as the divergences seen between SIVcpzPts strains from Kisangani and Gombe, which are separated by at least 800 km. This lack of intermixing among divergent SIVcpzPts strains from different geographic regions could be the result of limited sampling. Alternatively, since the Gombe viruses are from a small and isolated area (26) , their lack of diversity could be the result of a founder effect. However, given the recent finding that SIVcpz originated from recombination between two SIVs infecting prey monkey species in west central Africa (1), it is tempting to speculate that the pattern of diversity and recombination among P. t. troglodytes strains is a reflection of the evolutionary history of SIVcpz; that is, central chimpanzees have likely been infected for a longer period of time, and perhaps at higher prevalence rates, than eastern chimpanzees, who seem to have acquired SIVcpz relatively more recently.
The new SIVcpzPtt strain reported here came from an infant chimpanzee wild-caught in Cameroon. This chimpanzee is the third seropositive ape from a total of 54 P. t. troglodytes tested in Cameroon since surveys of rescued orphans began in the late 1990s (this study and reference 4 and 17). While the overall prevalence of SIVcpz infection in this group of apes is low (3 of 54) compared to other naturally infected primate species (5, 21) , it is similar to that reported previously for wild-caught chimpanzees in Gabon (2 of 50) ( Table 1) . By contrast, none of the 46 P. t. vellerosus apes screened thus far exhibited evidence of natural SIVcpz infection (this study and reference 4). Although the difference in infection rates between these two subspecies is not statistically significant (P Ͼ 0.10; Fisher's exact test), the data suggest that SIVcpz infection of P. t. vellerosus, if it occurs, is rare. Nonetheless, the possibility that Nigerian chimpanzees are naturally infected with SIVcpz cannot be excluded at the present time. The example of CAM4 clearly demonstrates that P. t. vellerosus apes are susceptible to SIVcpzPtt infection (4) . Moreover, the Sanaga River, although a significant biogeographical barrier, is not an absolute hindrance to chimpanzee movement. Chimpanzee gene flow across the Sanaga River has been reported (6), indicating that SIVcpz could have similarly spread from P. t. troglodytes to P. t. vellerosus (or from P. t. vellerosus to P. t. troglodytes) in the past. Additional studies of wild chimpanzee communities on both sides of the Sanaga River will be necessary to address this possibility.
The finding of SIVcpzCAM13 in a wild-caught infant chimpanzee also suggests that SIVcpz, like HIV-1 and other primate lentiviruses, is transmitted vertically from infected mothers to their infants. Chimpanzees are not sexually active before the age of 8 years, and biting injuries of infants are extremely rare (9) . Since CAM13, CAM3, CAM5, GAB1, and GAB2 were all less than 3 years of age at the time of their capture, mother-to-infant transmission is by far the most likely explanation of their infection. Among HIV-1-infected women in sub-Saharan Africa, only about 20% transmit their virus to their infants in the absence of antiretroviral therapy, and mother-to-infant transmission of HIV-2 has been estimated at 4% (18, 22, 24) . Vertical transmission among naturally infected African green monkeys and sooty mangabeys is also rare (5, 21). Thus, the SIVcpz infection rates observed here and in previous studies of captive apes (19, 20) are unlikely to accurately reflect SIVcpz infection rates in wild-living adult chimpanzee populations.
In conclusion, we report here a third SIVcpzPtt strain from a wild-caught P. t. troglodytes ape from Cameroon. Phylogenetic analysis of its sequence revealed the coexistence of multiple diverse SIVcpzPtt lineages in southern Cameroon and northern Gabon. The close phylogenetic relationships of these viruses to HIV-1 groups M, N and O provide further evidence for a west central African origin of the human AIDS viruses. It remains to be determined to what extent wild-living central chimpanzees in Cameroon are infected with SIVcpz. Moreover, SIVcpz strains clustering specifically with HIV-1 group O strains have yet to be identified, and the infection status of P. t. vellerosus requires further investigation. Thus, surveys of wild chimpanzee populations in Cameroon and neighboring countries will need to be conducted. The derivation here of a second full-length SIVcpz sequence from fecal RNA reemphasizes the utility of noninvasive methods for characterizing SIVcpz infections, both in captivity and in the wild.
Nucleotide sequence accession number. The nucleotide sequence of SIVcpzCAM13 has been deposited in the GenBank database under accession number AY169968. Newly derived mtDNA sequences are available under accession numbers AY126678 through AY126696.
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